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AN IMBrttb VISED I^EVICE tOR ebl^GEI^^ l^E A<2ft£E6u8 : 

SOLUTION AND A PR^iCESS TI^^ • . : 

Field of tbe present invention 

5 The present invention relates to jon iimpioJVised itiembmne^baised deyice for: speedier and ! 
effective conoeiitnitiTig: of aqueous solution uptqi: about 95%^ as shown in figure nos. 1 - 
4, a method of manufacturing an in:^)roved nienibranerbased device for speedier and 
effective concentrating of aqueous solution upto 55%, and also, an improved process: of 
speedier and effective concentrating of :the ^quebus solution upto about 95% uising the 

10 aforeme:ntioned.inembrane7based devicje, said process comprising steps of feeding tlie 
aqueous .solution into the aqueous sqlution container, filtering the fed so|lution to 
remove suspended particles, passing the resultant filtered solution into a membrane 
module, segregating permeate and concentrate in ttie membrane mbdulie^ and: recyp ling 
. the concentrate multiple times to obtain the highly concentrated final; cone^sntrate, 

.15 Backgroundaiid prtor ait references:of the present Appllcatkiii; 

As is well known to researchers . working in the . area of drug discovery research 
pertaining to screening of herbal extracts for bioactivity, the traditional method of 
processing the aqueous extract is to cbncehtrate such extract to tjie -maxiTtLutn eixtenl 
possible on a Buchi type rotavap and then renliDve remaining water -by iiceze drying. 

20 The main drawback of the method is that the process of water riem^yal oh a: rotavap is 
slow and the extract is exposed to elevated t^inperatures for extended- periods. It would 
therefore be highly desirable to overcome thes^ drawbacks. 

Reference may be made to the paper captioriedi" Membrane b^jsedjchromatography is 
paving the way for high throughput biopharm^eiitical processing": by T.N. Warner ei 

25 al. in Modem Drug Discovery, Febiuary : 2003, p 45, which states that in 
pharmaceuticals there is tremendous pressure . to bring drugs to the mm^kct quickly and 
describes application of membrane chromalxigraphy for drug r4iscovery research^ 
Compared to traditional ohipntatbgrapliy, meihbrahe cKronuito^:aphy -hais lOO^fold 
higher throughput and efiiciency making it a compelling option fdr biopharmiaccUtical 

30 purification. The ion- exchange membmnes u^d for the above purpose have micro 
pores that are modified widi charged KydrophiHc. polymers These polymers are cross 
linked to the membrane pore surfaces. . The[- cation i eixchanged imismibrane having 
sulphonic acid groups is capable of retaining piroteuis while allowing DNA, viruses and 



05-NOU-2003 20:06 K & S PARTNERS 91 11 265533889 P. 05 



endotoxins to pass ttirougli, yfid}^ anion exc1i£^^ niembx^ b^yi?g qu^teu^micy 
group retains pNA, viruses and! endotoxins. is reported^ howevct, for 

speedier processing of cru(k herbal ext^ 

Reference may be made, to Ulhnkbh'i Ezib)^^ of indbstml Ghemist^^^ 

5 Edition; 2002 Electronic Rele^s^ wherein! lar^e; scale applications of reverse io^osis . j 
membranes: has been described. T!h&; im|)pttant a|^Uc^^ include: (i) the treabnentbf 
industrial effliietits from electro plating industty;- (ii) from pulp and p?^ ihdif^try; (iii) 
from the food processing industiy; (iv): (bug indiistiy and biotechholosf and/jv) from 
textile industry;, dyeing pEocesseis industry etdJ The separatipn!and concentration of 
1 0 solutions using ^reverse osmosis tnembranes at ^ambient ten^>erature is. the mos:tjre1evant 
and advanced technique in use. . : Although niany applications of RO for industrial 
processes is re^rted and RO is alscr usesd as part of the ipurifidation proicciss for 
ultrapure water» no mention is made of its application for drug discovery' research 
related to aqiieous herbal extracts.; 
15 Reference may be made to ^e 'write lip in . C&E^News, June 16, 2003 j oil. the . 
ACHEMA2Cky3 exhibition in Frankfurt, Gezmaiiy where many; companies; displayed 
working models of membrane filtration systems whieh canibe customized for viariety of 
applications^ . 

Thoinas Zachrisson of Alfsi Jbayai Enigineering group, in TuEdba^ Swedeiii in the 
70 ACHEMA 2003 exhibition disphyed the plate and frame cross flow nieinbra)ne 

filtration module M 39, which; contained isenes of parallel flat sheet membnines 

mounted on :the plates. It was pointed out that :tlie modules are .suitktiie for 

(Jltrafiltratton amd nanorfiliration of higUy visbous products rad ferme^isrtton. broths. 

The membranes in the modules were devel^^ed to perform in thelprw^ii^g of 
25 antibiotics, enzyines* blood products: and yeast extracts. However no \knit wiis 

mentioned that is suitable for processii^ of aqueous herbal extracts for :dfug discovery 

research. i , 

Grace Davison Membranes, division oiF Columbia, Md-based! WiR-Gace, reported the 
manufacture of a range of Organic Solvent Nano-filiration (OSN); menibrahe ^made^of 
30 polyamide and are known as STARMEM; These tnembranes are stable to isoivernts, 
temperature and rejects 90% of solute molecules. These OSNimembraries can! separate 
antibiotics from organic solvents, exchanging : high, boiling-pioihl solvents : for low 
l>oiling-point one and separating catalysts from, products in jprocesses such as phase 
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transfer c»m!ysis: and brgapo-iixdtiniib :c^^ys^s^ " itowejve^^ no referencei vyas to^c to 
any unit siiitattei for concentraitkiii of .:a^e^u^ herbal 6X^ ::for ^dirUg. discovery. ! 
research.. • ' ■ 

Olaf Kiepe of Puron Company, Aachen, i:Germany exhibited; itncm^ for watet 
5 treatment at AGHEMA 2003 exhibition. The company mahufactuTes ;active film Icff : 
polyethersulphone supported oni ^. {^lyester; lie potential: af^lication: of tbl^e . 
membranes [ include municipal waste water treatment, idrinking 
other industrial iapplicationsJ 

Nathalie Garassino of KBRASEP Comikany in. the: ACHEMA : 2003 exhibition : 
i:o displayed ciibulair modules made, from ceramic material jwhich weie lined with:a £Im of 
Zirconia and titaiiia: meml^iie. T^e potential appHcaitions. of these, men^branes include 
ctarification-of soft drinks^ £^it jiiice and fermratation:liqaids,. Wcrb-filtratt^^^ of miHc 
2md treatmCTt of biodegradable waste water. 

Conventionally,^ the concentration: of any ai^ueous solution is carried out by ey^nitioQ 
15 either as in nature using solar , energy or artifidaUy . through : forced evappi^ti^^^ 

Evaporation using solar energy is atHacciyiB as it utilises free energy and evaporation 

can be carried out close to room tempemture^ However, it necessitates that solutions 

are exposed to light which, is a disadvantage when ponsiitiients are phbtolabile. 

Conventionally, the Rotavap is used for removal of solvents — ^including water— from 
20 solutions, especially in the sci^tific laborktoiy. This involves application of elevated 

temperatures — ^typically exceeding 65?C-M;vheh solvents such jes water have to be 

evaporated. 

•Aqueous h^al extracts, : which :are extensively istudiedi for dieir "potential bibadlive. 
properties, ard typically processed m-^ the laboratory using thes Rotav^jp for 

25 concentration. Iliereafter. ttte cpncCTtrate is further subjected to freeze drying and then 
sampled for bioassay. One drawback of this ineffiod is that the tliroughpui of research, 
can be constrained by the rate at which* extracts are concentrated in a Rotavap: Anotlier 
drawback is that; by subjecting extracts to elevated teniperatures, theire i^ tmcertainty as 
to whether constituents in the: extf act might be affecteid by exposure to sudb high 

30 temperatures for long durations, especially' when tfae coinstitueiits are theimo-iabile. 

Membrane-based dewatering has been useid extensively in several indus:trie^ such as th^ 
food and pharmaceutical industries as described in^^ prior art. Hpwevei;, the prior art 
literature survey and patent sfeairch did iiot reveal ^y membrane-based device tor 
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concentiatian QilaqvK^& hB^^ i^'H W>^^ a^^^**^ to above. 

Although: this raay seem obvious: in view of the reported dewaterii^ >pplicj^ 
membriiesi it is equally ttue thattesearehersjh^ continuea to take recourse to the ,ise : 
of flie rdtova^ because no suijtabte niemifnine-i»s«l djeryice has ever been raarketBd for 
this purpose. . On the oAer haiKi, .iwhen such- k device \^ on diin:.film. composite 
reverse-osmosis spiral membrane module w^ fibricated by the inventors and givfen for ; .. 
drug (^overy lescareh pinpose to leading laboratories in India, fcere was an. . 
oveiwhehning affirmation of the uttlity, of the^ device as would be evident from the: 
followmg ooimn^t of the DirectoryCentral liistitateiof Medicinal & Aromatie Plants. 
Lucknow. India, a laboratory engagjed for majiy years in such research: "The two units, 
of water extractor/concentrator apparahis provided to CIMAP are fundioning, 
very well the units have been recdly useftd.in increasmg output of water eximcts 
being made at CIMAP. " Similar has heen itbe -response of many other laboratories to 
which the eiquipment of the present invention was provided. This compels the 
inventors to conclude that the iievice of the present invention for the intended 
application of fconcentiatioh of. aqueous herbal exttacts is non-obvious, aiid highly 
usefhK 

Objects of the prcseiit.inventio.D ' : 

The liiain object of the present invention is: to deVelop a device for concentrating 
20 aqueous solutiOTi, which obviates the above noted drawbacks. 

Another object of the present invention is. to develop; a device, which enables the major 
. part of concentration of aqueous <octract to be c^ed out with a higher throughpat lhain 
flie conventional method of vacuum distillation in a rptavap. : 

Still another obje4ct of the present invention b to develop a process for dewatwing the 
23 aqueous herbal extract:solution. 

Still another .object of. *e present inv«*tion is to develop a device wherein the 
poncentrated extract , imbibcis/retains the plant conistituents, Salts and. vital bioactive 
molecules. 

Yet another object of the prfewait invention is; to develop a device which can operate at 
30 ambient temperature and prevent degradation of bioactive molecules that are thermally 
less stable. 

Yet another object of the present invention iaio develop a device wherein the auionwtic 
washing: cycle increases the potency and life of the membrane used 
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A fUr&er olgttjtjxf the present fcyentiOT^^ 
red»«» tiie overidl; time requkcdto pi^^ 

A furiher object is to make a device ayiail^.fi* cdiice^tration of hejtbaV extr^ci a*^ 
cost , lower Ithkn the conventw«af ibt^v^l) : wb^e^^^^^ 
I ambient condition. .: i . 

. A still fliTther object of the pteseot inveatioli is fp^ which can be scqled , 

up for processing large volumes of potentjally promising le«i extracts iind uUin^ately 
for commercial production of bioactiw substances from aqueous plant extract: 
Summary of the Present MventUm J . 
0 The present indention relates to an.imptoyised membrane-based device for spe^dieu and 
effective concentrating of aqueous soliidon ,upto aboit 95%, as sho^ 
4. a method of manufacturing an improved membrane-based device for speedier and 
. ekcttveccmcentratingofaqu6ous.s6li4fioiinpto95%.andalso,ani^^^^ 

speedier and effective concentrating .qf th4 aqu«,us solution upto about 95% using the 
15 aforementioned membrane-based device, kaid piocess comprising steps of feeding the 
aqueous sol^on into die aqueous sota^ cpntamer, fdtering the fed solution to 
lemove: suspended partictes, passmg Jheji^es^tant filtered solution into a rnembn,n«. 
module, segregating permeate and conceijtiate in the membrane: module, and recycling 
the concentrate multiple thues io obtain tl^ highly concentrated fmai concentrate. 
20 Detailed description of the present Ipv^itiatoi 

The present invention relatesjtb ah improvised membrane-based device: forspeedier and 
effective concentrating of aqueous soiuti^ upfc about 95%, as shown in figure nos. 1- 
4. a meftipd of manufacturing m impioired membrane-based device for speedier and 
effective concentrating of aqueous soiuti(fn upto 95%, and also, an improved process of 
25 . speedier and effective oonc^ntrtting of 4e aqueous soluti^^ 

aforementioned menibraae-based devio4 said process comprising steps of feeding die 
aqueous sotation into the aqueous 'sollition container, filtering die fed solution to 
remove suspended particU pissing thjs i^lii^t filtered solution into a membrane 
module, segregating permeate and: concentrate in die membrane module, and. recycling 
the concentrate multiple times to obtain the highly concentrated final concentrate. 
Thepresent mvention provides an i'mprdvised membrane-based device for speedier and 
effecUve concentrating of aqueous aokiibnupto about 95 in figure nos. I- 

4, whertin tte device cothprises; . j . 
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Part No. 


Descrip^n of theparts^of tlfe.d^ 

— ■■■■ • i '• / ; :' •' • : — ^i:^ ' . ' ■ 


1 ; 


heiiial extract solution container 


"■2 ■ : 


penneateisolutipncontmn^^ . ; 


3 M.= 


finer tq remove $u 


.4 : 


Panel for control of diEfeiei^ opieiationsi . ; : : \ 


•5 


niaih power supKply swi^h 


6 

' 


diaphragm, type piessure jpamp tfarodgh which the extract 
solution Qiiters into the filter vessel (3). - 


7 


membranje module fbrpugh which the permeate is ^eparate^ 
and ttie concehtcate is recycled to die extract Cf6^tainBr ( 1.) : . 


8-13 


Six solenoid valves which control the direction of -the flow 
during the conpentrate, draiia aiid wash modes, respeclf vely . . 


14 ■ 


Back pressure regulator 


is: 


fabric .filter dirouj^ which dear solution ent^ts ^ into the 
membran;e module; (7) 


16 


air bldediiig valve which csm be opened to remdve any trapped 
air in the system 


17 . 


plastic bc^y housing the xiKiinb^ 


.18 


thin fiim. cx>inp6site ^iral membrane element for removal of 
watet^.from extract imder pi^suris . . ' . 


19 


inlet for introducing the clear herbal extract solittion ' 


20 


Concentrate outlet for recycling the extmct to th^ extract 
container (1) 


21 


pernieate outlet for sending the water tq the permeate container 

(2) ' \- ;• 


22 


Rubber *d' ri^g 


23. 


By-pa^ |j|^l|fQ^ solution to pasi through 
the membrane . 



effectivp in concentrating herbal extracts* * 

Still another Embodiment of the present mventibn.provides the device can be scaled up 
without any:chiainge in. basic design and ^tatin^ pvaraetexs. 
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Yet another embodiiiie^;ti of thje. i^e;^ makitains 
stability oif the solution by ftmctioning at room tempbrature, pfefend>iy about 25^e. : 
Still anolfaer embodiment of iiie present invetitic^ 
aqueous solution without frothihg.: 
5 Yet another endiodiment of th6 present inveiitfbn provides the concentrate Fetioiiits . ali 
constituents of the solution*. 

Still another einbodiment of the; present inveintion provides the. verticial; container worics 
as a reservpirfor continuous suiq3ly , of feed. 

Yet another embodiment of tlie present invention provides &e pernneate pontainer :with 
10 outlet valve continuously removes water: 

. Still another embodiment ; of the present invention provides ^e :i11ter vessel coitpled 
with air bleeding valve enables removal of suspended particles, and : trapped air, 
respectively; ttius, allows only clear solution to flow into the inembrkne module. 
. Yet another cmibodixnent of the piresent invention , provides the membrane . module 
15 containing, spira] Oiin film cpmpoisite, membrane allows water to pass while retaining 
other components, and the solution to circulate in the system. 

Still another embodiment :of ^iei present invention provides the solenoid valves helps 
changing the path of aqueous solution/ water, during the drain/ iwash mcxle for 
operation^ 

20 Yet . another embodiment of the present invention provides the pFe$suie pump etiable^ 
adequate pressure to be attained for contiauptis: flow of aqueous sblutiob. . 
Still another embodiment of the present invention prdyides: titie cotdrpl panel cc^pled 
with ON and OFF switch helps concentrating the aqueous solutidpi, and . continuously 
washing the membrane for <^timum life. 

25 Yet another embodiment; of the present, invehticoi provides the membrane module hais 
length and diameter in the ratio of about 6; L : . 

Still another ^bodiment of fte present iiiventibn provided Ihe bipmlnraj^. has overall 
thickness ranging between 136 to 170 inic^ 

Yet another embodiment of the present invention provides fliie . aqueous solution 
30 container has length and diameter in tiie ratio (^ii 

Still ariother embodiment of the jnesezit; iiiventipn provides the penheate contaiiter has 
. length and diameter in the nutio of about 4:1. . . 
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Yet ano&er embodiment orAe i^iesent inv^sntteapcovides tiwi sol^id valves contnibs 
(he dire«:tiott of the flow in modes selectid liom a.^ap coinprisihg concentrate mo4e, 
dtain mode, and wash mode. ; , : 

One mqie embodnnent.oif the! present inye^ melhpdiof maimfachtrinaaii 

impiov^ niemteiine-basea dfevi^^ speedfer/^d; effective 0Qii6eiitrating:<>£aquei^us 
solution: upto 95%, wherera the said device-i^ manufactured by assfeiaibling in k Wanner 
• as shown in figure- nos. 1-4. ■ 

Yet. anodier. erohodiment of ffie present . invention provides .^e device comprises 
aforementioned components in the manner a& shpwn in figures. 

An improved process of Speedier 4nd effective concentrating of! «ie aqueous solufioii 
uptp about ^5%. using a membiiane-based device of figure nos. l4, said process 

ooiiixpiisiiigsteps ofc 

a. feeding the iuiiieous solu^tion into the aqueous solution container (1 ), . 

b, filtering (3) file fed solution to reinovesusperidedjp^icles, 

,5 c. passing the iteultaht filtered solution into a memlitane module (7), . 

d; Bcgregating petmeate and cortcentcate in the memlirane mod^ile, and 
e. recycling ' the concentrate "multiple times tp. obtain the highly 
concentrated final concentrate. 
Still anofter embodiment.of the present invention provides^ flje device comprises 
20 aforementioned components in tiie manner iacs shown in figures. 

Yet another embodiment of the pres^mt invention provides the priDcess particularly 
effective in concentrating herbal extracts. 

Still another embodiment of the present invention provides the device can be scal^ up 
witiiout any change iii basic design and bperatiig parameters: 
2.S Yet another -embodiment of the present ii)vention provides flie process is conducted at 
room temperature, preferably about 25°^ 

Still anotiier embodiment of the present myention provides rthe, concentrate of the 
aqueous solution is without framing. . 

Yet anotiier embodiment 6f tiie presentinveiition provides . the. cbncenttate reuins all 
30 constituents of the solution. • 

Still anotiicr embodiment of tiie present iiiVention provides flie vertical cohtemer works 
as a reservoir for continuous supply of f»Bd. . 
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Yet anodher embbdimeik of di^ pe^eate container With 

outlet valve continuously removes water. : . 

Still another embodimwt of the present inveioion provides theitilter vessel coupled 
with air bleeding valve enables reindwl of sisuspOT 
5 respectively, thus, allows only clear solution to Sow into ^ jnezhirrane imodole. . 
Yet aibther embodiment of flie preseiit invention provides the membrane modute 
contaiiuTig spiral fliin film composite memWane allows water t<^ pass while retaintng 
other components, andlhe solution to circulate in the syste 

Still another embodiment of the pi^senit invention provides the ^ solenoid valves helps 
10 changing the path of . aqueous solution/ water . during (he drain/ wash mode for 
operation. 

Yet anb&er embodiment of the .present invention, provides the pttessui^ .pump (enables 
adequate pressure to be. attained for cbntihuous flow of aqueous sptutioh. . . 
Still anotli^. embodiment of the present invention provides: the - control panel coupled 
1 5 with ON and OFF switch helps concentrating the aqueous solution, and continuously 
washing flie membrane for optimum life. . . ; . 

Yet another embodiment of the presezxt invention provides the membrane, module hus 
length ^d diameter in tihe ratio of about 6: 1 . : 

Still imother. embodiment of die present invention provides the iheimbrahe has overall 
20 ^icloiess ranging between 130 ft) 170 microns. 

Yet another embodiment, of the present invention provides, ihe aqueous solutjon 
container has length and diameter in the ratio jdf abo^t 4: t . 

Still another embodimeht ojftfae present invention provides the permeate cfHitainer has 
lengch and diameter in the ratio of sdx>ut 4:1 . ' 
2^ Yet another embodiment of tbs present invjehtioriproyi the Solenoid valves control^ 
the direction of the flow in modes selected ^m a group coxnprising concentrate mode, 
drain mode, and wash mode. 

Still another embodiment of the present invention provides the process helps eliminace 
the hold-up volume. 

30 Yet another embodiment of the present inveoition provides^ the process .irunimizes tlie 
membrane foulmg. 

Still another embodiment of the present invention provides ithe. process prevents 
contamination of the solution. 
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The present invention relates to; an iaipIpy^^pToce^ of ccmcsmtrati : 
herbal €»ctracts. More particuMy, the invittitiori Tejates to 'merabranje'-bfiised dewatering 
of such extracte at amlrient temperatufi Sot dperatiob ^nd. reduced: 

susceptibility of thermally labile constiteenite to thermal degradatiisfn. Th^ systcim is . • 
5 further capable of unattended b|ieration. 

1. Membrane-based process for concentration of plant herbal' extracts thr6ugh a 
device which comprises: 

(i) a main membrane modiii© (7) having a seipi-p^rmfjable hiem^mhe 
that is capable of permeating wajer while ibjec^ing solute 

1 0 constituents iembodiipd iik: |au plastic body (i?) and diaphragm type • 

pressure puinp (6) capable channelizing : the jextract solution iiita 
the membrane module (7) after passing through the fHt^ vessel (3) 
contaming. fabric filter (15) and one or m6re soleiipid valves (8;9) 
capable of changing fte path of the permeate and recycling the 

15 concentrated extract solution into the extract container (l;).; 

(ii) the said combinatiort of meitibrane module, the^ Ji>r^^ 

rear chamber and the filter vessel being fixed adjacent tb the extract 
and permeate containers m the fix>nt ch^b^ of- the device, the 
solenoid valves (10,11) mounted in the rear; chamber capable^ of 
20 pushing the flow of solulion from membrane module with air 

pressure to the extract container during ^e'drain mode, the air bejng 
supplied fr<Mn. an exferqaljalr compressor. 

(iii) the said: membrane moduli^ :(7) being also provided with a pressure 
pump (6), a filter vessel (3) and plxnrality of solenicrid valves (12,13) 

25 comiected . flirough a flexible tube to the iwater soiirce for washing 

of the membrane dui;ing flie wash mode 
Yet another embodiment; of ithc pieseiit iriylention, which lis particiularly useful for 
concentration of extracts that are aqueous and more preferably aqueoiis extract; that are 
not excessively viscous or oily and dp not ;contain excessive quantities of osmotic 

30 pressure-enhancing conslitueijts. ' \ 

Still another embodiment of the present iinvention; wherein; the semi^permcable 
membrane is of the type suitable for reverse osmosis applicatiloris such as ceHulose 
acetate, cellulose triacetate, Cellulose bt^d. polyamide fihn and- more preferably thin 
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coiiidj tjons: and iftore pfreferably > 99% sagt leiectkm capability. 

Yet dimdier eitibodiraent of the pi^ent. inveiitiGrn, wheiein flie thin' flirii corhposife 
membrane, is eiiibodied with .*0' iing and byi-pals^! seal ^ plastk: 
body/ABS pla^cbody. 

Still anotii^ entbodiment of flie present invention; wherein the>pnTne Thblver is ««ch as 
a dmphtagm tyfie pressure piimp for obtaining^ 

Yet another embodiment of .t|ie present invention, wherein tfie fUter vessel is swoh as a 
conventional filter with fabric filter, 

StiU anodter en^bKxiuTi^ of the presi^t htventioit,. wheieiii therrSdl^ 
as conventional Valves which help iii changing ihe padi of the flow- 
Yet* Another ehibodiment of the present invehtKOh,. whei^ein the- device -is capajble of 
concentrating aeneous extract solution frbm 10-95 % and morb-pTacticaByiiii thel^range 
of 50^80 %. 

1 5 StiJl ano&er eml9odiment o f the; present mventibn, wherein fee dieivice bieihg 'c^aibfe of 
performing at ambient temperature is especially useful for concentTHtioni of flicrrnally 
sensitive aqueous extracts. 

Yet another embodiment of the pr^nt inventipti« wherein die partieMlar iciesign lof the 
device suppresses froth formation during the concentration process and is dief efore 
20 particularly beneficial' when extracts contam fixjflr promoting jsub^tancesl li^uch as .plant 
saponins where concentration of these extracts, is e?ctreme1y probleTnatK; t|u<>u^^ the 
convention^ method of thermal conisentcBtion, 

Still another embodiment of the present invention* wherein, the device !i$ capable of 
largely reiainkig the plant constituents, salts and viW .bioactive molecules in the 
25 concentrated extract solution. 

Yet another embodiment of. the. present. invention, wherein penneatecan be pla^d in 
the :exb:act container for reprocessing to .further minimise losses of orgariic matter m 
permeate to < 0.5 %n level. 

Still another embodiment of the present invention, wherem d^gri is flexible ^^^^ 
30 achieving permeate almost completely ftee (<0*l %) from plant siibstancfes by 
reprocessing peftneate in a second RO inodule and further Te{koce^irig permeate from 
second RO module in a third RO module while feeding. back conceiitcate fron> each, 
stage to the origmai extract container 
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Yet another eipbodiment of tiie piinseiit iijiYe^^ whei^ih theide^ee: of coiicentrd^dri i 
atoinaWe cm; be enhaiiccd % iicreasing^ thd pump piessuije while siin^lta^^iisly ; 
incEeasiag flie rejection efiS^ency of the membrane and having at^s^eii^s meminane : 
modules fof further xhinmismglos^ : ; : ' 

5 Still another embodiment of die. present inveniio% v^rein the! device caii bie scideidEiUp ! 
to process large volumes of aqueous herbal extract, without si^ificant chaiige in basic ' 
design and operating parameters. ! * ;! 

A membrane based device for aqueous herbal extract concetitcation sub^ntiaU$! as.: 
. herein described with refisieiices to the examples and drawings apTOmpanying 'ihas ' 

10 specification.. = 

It win be obvious to thoto skilled in the art that the clevice of the inventicm wdut(|l be [ 
useful for concehtration of other a^eous bioactive extracts subh as microbial ^trdjcts, ! 
algal extracts and animal extract^* 

The present invention relates to an improved process, of concentration of. ^qu^us : 
15 herbal extracts using a membrane-based device. More sjl^ifically* it relates Xo 
concen^tion of extracts^ having voltimes in tiie n^ge of 1-20 L such as engounler^ in 
laborat<»y scale for dmg discovery research, ^pie device is a superior alternative to:the : 
rotavap conventionally used for such purposes. The m^or adysuttages stre: (i): greater 
speed of concentration in most caseis where the extract is not excesi^ivety visqotis or !pdy ' 
20 and does not contain excessive quantities of cismostic pressure-enhancing constituents, i 
(ii) ambient t^pecature operation that reduces susceptibility tb. thermal de^dati<>pf of ; 
thermally labile constitutents in extracts, and'(iii) elimination: of the frothing piot^emi: 
frequently encountered for such extracts in a rotavap, especially when : the ex^rsictj; 
contains froth-forming substances such as pl^t saponins. The concentraied retc^atei 
25 retains the vital herbal constituents, with negli|^re loss m'the final permeated 
Detailed descriptton of the accoit^iaayii^..dj^awui8S^: 

The device of the present invention; for herbal lextract concentration consists: of: . 
i. a vertical container which wilt wmlc as 'a reservoir for qontiiHious supply of feed! 
extract 

30 ii. a permeate container with oiitlet: valve iifpr continuous reinoyal.df wai.er ; 

iii. a filter vessel coupled with air bleeding valve that enables liemovalpf suspexidedi: 
{)articles and trapped air, respectively J: iai)^ which allows €»ily clear soluttia^toj 
flow into the membrane module . • : 
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iv. : a membrane iribdule^d<mtaiiing.j^p^ 

allows water to pare wiiile rei^^ coiiipoiiiwti^ tod i^<5 
circidate in the &ysten).' , . . ■ 

V. ' soleiwid valves for (^^g tfi^ipa^ 
5 i tnpde for. operation jinddunngcoii^ 

vi. pi^suM pump, whicb enables adequate pressure to be af^uied for pailSnuous . 
: flow of extract on membiane siir&CB and flow of water dyring. the 'Washing 

process. 

vii. ft control panel coupled wlA ON and piFF switch for oon^ntrating thcaqufeous 
1 0 herbal extract and continuously Was|i%: Oie membrane fco: pptimum jiffe: • : : 

Wg^re 1 bf thfc drawing represOTts «ie elevation of the de^ 
Figttw 2 af the drawing rejawsent the lek' elevation of 

Flgiir^ a ftf the drawing represent the filtW: y^el of the device cotipted. with- air 
bleeding valve 

15 Figure4df thedi»wjngr^^lseirttheinism^ * 
FigureSa of the drawing represent the HPLG profile of original plant :^^^ 
Fl^re Sb of the drawing ippiesent the HPLq piofiie of peniieate 
Rgure 5c of tiie.drawing represent the HPLG profileof recycfii»g of jperhieate to obtain 
second permeate. 

20 Figiu«5d of the drawing represent the HPLC profile of distillfed^wa^^ 

Figure 6a ofdie drawing rq>resent the HPLC of profile of fir^ permeate. : 
Figure 6b of die drawing represCTl the IHPLC of second permeate. 
Thb details of the device of the present invention: are shovwa in Figures i to 4 of the 
drawings accbiiipanying this spwificatLoti.' 



PartNb'. 


Descriptibiiaf the part ! 


Figure 1 




1 


heibal extract sbliitkjn contain^ . 


2 


permeate solutioi) cbntainelr- : : : 


3 


filter to remove suspendedliiaiticle fr^m feed K^xtxact ^ 


4 


Panel for controtof different operate 


5 


main power supply switch^ 


Figure 2 




6 


di^hragm type pressure purrip through which ^the : extract 
solution enters into the ffitpr yesseJ (3) 
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7 


tiiwuiuiaxjc . iijiHntw uixuuj^YWiiicii. •p6rziic&ic is Scpafareu' 


8-13 . 


Six solenoid valves whicb contipl^tbe direciSon of flier floy/ 
i during the concen^ate^ drain and W3$1i. modes» respectiydy . 


14 


Backpressuie regulator .. . .! 


Figure 3 




IS 


laoric iiiier uirougn wnicn cicar. solution enters into ih^ 
^membrane moduli (7) 


16 


air bleeding valve which caiiibe opened to remove any trapped! 
air in the system; 


Figure 4 




17 




18 


thin film composite spiral ihembfane element for-i^ of 
' waver iri/m cxixac-i unocr pressure 


19 


iinlet for introducing the clear heibajt extract solution 




Gonceniraie outlet tor recyclmg uie extract to the "extract 
.coziL&iiicr \ i ) 

— T • .. , - : — ^— 


21 


permeate outlet for sending .fte :watisi: tti the permeate cc^iainer 


22 


Rubber *0' ring . . : ' 


23 


By-pass seal for allioiwig die i^xtract ^lution to pass'diroligbi 
'the membrane . 

. ' : • ' • • I* 



DescriptioB Of the device: 



In a physic^ end>pdiment of the device of Ae^preseht invehtibny the: membrane niodiile 
(7) having 12 inches lengdi,. 2 inches diameter and an effedtive membrane area of: 
0.45m^ has aSri inlet for the extract solution «id two outlets for the permeate (Fig 6) and 
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cQritentratea extract wherein^ the latter i? Tiecy^^d.'.Membianes :pvin^ oi?iera:ll: tfiickhesfi : 
of 140t160: microns is comshicted as a tbin filrQ Icompo-^kg^djeaSQ^^ the prior ait 
and having a flux of 30 g^lons.p^ square foot menatorOTe are^ Iper 24 ftoui^ for Naidl 
separation with > 95 % rbjectioh efficipricy unotier staridani ted c4ndili6n^ of i25 psi 
5 applied pressure, 25 temperature and 2(300 ing/L NaCT ccinceiittsitipn iti feed may be 
selected for concentrating tiie aqueous heibal fextract.solution. A fUter vessel (3) with a 
fabric fitter is provided, before the piessUre 'pump (6) so that the aqucK>u^ .extrapt 
solution i^es through .filteir vessel and then the .clear sblution enters into the 
membrane module. A diaphragm type pressure pump (6> is . coilnect^d to the fec^ 

10 exiiact solution container in the rear chambeFf :The piimp presisuri^es the feed extract 
and thereby assists fte permeation of wat^ through the rh^brane; an4 .^e: pixmp alsa 
enables water to flow over the membrane surface at normal- pressure for cteariii^g 
purpose in wash mode. The extract container (1) made of «:ryjic material having 
cylindrical shape of 300mm .length and 75 num diameter and an effective, volume of 

15 1 000 raL consists of (i) open, lid at die top to add the extract sohition; and (ii> aii= oudei 
valve at the bottom to collect the. aqueous concentrated extract solution. The permeate 
container (2) made of acrylic material , halving cylindrical shape, of ! 300nim length and 
75 mm diaimeter and an effective volume of 1000 mL consists of an outii^t vaivb at the 
bottom, to collect the permeate (water) after passmg throu^ the membrane. The rear 

20 chamber is provided with a plurality of solenoid valVes Which are nia<te of 

plastic materials. These solenoid valves are connected to AC: power supply through 
control panel (4, 5) having ON and OFF switches, for operation during the 
**concentiate'\ **drain'' and "wadi^* mode. 

llie. details of the device of the present inventiph and its operations lue given as follows 
25 for: (i) Concentrate mode (ii)..Drain mod^ and (lii) Wash mode. > 

(i) Concentrate mode: the aqueous extifa<?t container wi^:an open lid at top and 
an outlet at thi^ botton^ is made of icxylic niaWal. It is^rliiidrical ir^ sh^j^' 
having 30 cm letigth, and 7:5 :cin diiameter. Theextr&ct^ontai^r coxitajsiin 
the dilute solution is connected^ to idie piessuDe pump^ at: the rear sidi^-of the 
30 device. The dilute solution is filteied with the help lof fiher» whiqh is 

provided before the membrane modiiiei so that piily cl^ solution is allbwed 
to pass through .the TFC metobranb litsing a by pass s^^ At this stAge. tlje 
•^O' ling at ttie .top of tite module ^opazates the jpennieate from! the 
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: concentrated extraci; Ttib {(enne^te (water) is p^K^^ thp p^^ate 
container and the . conce^ttated is puinped i^^^ 

(ii) Drain mode: air compresisor having: in air blowing capacity of more than 
■five . 

5 . CFM (cubic feet per miiiuie) is coiiniscted to the open lend bf tlie solenoid 

valves though PVC pipeiines. Air|froni the compressor is allowed to enter 
into the membrane module though the filter. After; completion of the 
concentration operation, the concentrate is pressurised by compressed air, 
which in lum pressurises the membrane module and forces the hold up 

10 concentrate into the extract cpirfaiiier/ Permeate and ^trapt sdhitions are 

.then removed from the r^p^tive containers. 

(iii) W^h mode: a lap; connected tola water reserv^dr, havm^ 

6 LPM (litres per minute) is conniected to thei open end of the sotenoid 
valves though PVC pipelines. The water from the reservoir allowed to 
,5 flow at a constant rate and prior- to entering the tnembrane module it passes 

though the pressure punip and the filter. The water will cany along with it 
flie adhering materials and the sticl^ soluble materials and it is essential tiiat 
before the concentrate mode is functional the membrane surface is 
thoroughly cleaned. The waste water though the solenoid valve is disposed 
20 into the drain. 

The conventional technique of concentrating aqueous herbal extract solutions include 
evaporation using solar light or scientific^ eqiiipment ope^ltiI^g^at high tenrtperatiire. In • 
the present invention, a device has been designed and developed wherein the dilute ; 
extract solution is pumped under pressure: at: ambient temperature through a spiral 
25 module containing thin film composite reverse osmosis membrane which allows water 
to pass through it and the extract is concentrated- in a period shorter than 30 minutes. In 
this device it is possible to prevent the degradiation of bioactive molecules which are 
thermally less stable. 

The noyelty of the device of the: present invention^ for concentrating plant extracts, : 
3D comprising in combination (i) a spiral membrane module; (ii) a diaphragm type 
pressure pump ; (iii) a filter vessel; (iv) a back pressure regulator, (v) series of solenoid 
valves; (vi) solution containers with iiilets.md outlets; is that it provides for continuous 
and speedy removal of water from the aqueous plant extracts at ambient temperature, 

• 16'' 
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tl^us preyehtiiig: degradation: of fempei^tui^ seiisltive tyijoactive ni^le^^ : Mpiti^ver;- 
tt^e conGentratipn of plant extract, usimg G^m^l membiane module, may be achieved 
upto the:level of 75-90 percent whim the e:|ttract boiisists mamly .of organic n^ebule^ 
and there is no major butld^q;> .of :Osmdtic' pressit£e:'due; to. other solutes in <he extiract^ 

5 Another novelty of the invmtion.is tfaat&ere ^ no problem of frotfi formation which is 
sometimes a serious problem with the conventional method of^ concentration . on a . 
rotavap. Another important. feature is.the elimiiaation of hold Up' vdlunie whilsh is 
especially critical when small quantities of . extract have to be' concentrated. Aiioiber 
important feature is the automatic washing .cycle which minimises the pzic^lem of 

10 membrane fouling and containination of extracts. Another novelty is that exactly the 
same method of concentration of extract can be piirsued on large scale and there is no 
scale-up i related issues since problems such as variations of surface area to volutne.on 
scale-up are absent 

. The Inventive .steps of the device of the preset invention tvhleh-enalile the ai»oVe 
15 said noVeIty in..€x>mbinatiqii of the sub system: 

.(i) Conception of an alteiiiative to iotavap for concentration of aqueous herbal 
extracts. 

(ii) Spiz?!l membrane module containing a .thin fihn composite memlmnp has 
been provided for removing: water at ambi^t temperatiirc under pressure. 
20 (iii) Diaphragm type pressure pump has been provided for pressurising: ah4 

creating turbulence over die meihbrane surface during the concentration 
mode to allow permeation iwith minimum bip-fouling of tnembrane, and 
washing of membrane surface during washing mode. 

(iv) Filter vessel with fabric filter eiiminates suspended particles and provide 
25 filtered extract to tilie membrime module to minimis^ fouUrig and chokmg. 

(iv) The solenoid valves coupled with biack pressure regulator provide flow of 
plant extract solution, water aiid -air during the concentration, . vt/ash and 
drain mode, respectively. 



(v) touch screen control panel 



for different operations which arc liser-friendly 



30 and allow easy preparation of concentrated extract while maintaining 

cleanliness of system for repipat iitse.^ 
(vi) The air bleeding valve is proNdded w^leh on need basis can be opened to 
remove the blocked air for extrad solution toiflow. 
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IS 



The ftiO^i^ exiles *ie giVei. by ^ayiof fllis^ :. 
cohstwed ih^limit the scope^ffbe present ii^^ :! | 1 

gof the seaweed..t;iva tocAica, wasiSige^ied m 800 ml of cold^atei for 2<t ^ and .. 
occasiona^ stirred. Dark an.b«^eokmted ^ was sep^tated, tl^ volume made 
up to IL^andtaken in the exiraot solutioii.c«>nteiner (Figure I) With tfae help^ of a 
pressure pump t^e dilate extraQt, priot to toterii^ th4ine«braiie feOdUle, was made to 
pass ftioiigh. the filter, vessel wliere .sasp^ing impurities were removed. The dtlute 
dark coloured solution was theq pumped i^^^ 

osmosis membraiie allowed the water to pass aiui was collected: as permeatfe!:a*d:the 
concentrated sotutioti was lecybled to the exttbct container. Within a tirne pepodfof 30 
minutes, the permeate volume coMected was ?0 percent of the t«tal feed: volume ^d.*e 
concenttite retenate ihe batoce. Tlie permeate- sglutioa was analysed With ^ 
precision liquid chromatography (HPL^:) arid the results e>dnced no detectable 
polysaccharides. The permeate solution shoW^ negative test for carbohydrate v^hen 
checked with phenol sulphuric acid mefliod. The concealed: retenate retai,^ #.e ; 
plant continents, salts and vital bioacjive molecules. The sam^ ^Ment ot 
6onc<mtotibn o^ a laboratory model Buclit t^tawp 

350 g of the «Jaweed. Dictyota rf/cAoro«a, >^as digested in 600 ml hot water (70 C)^for 
24 hours ^d occasionally stiiT^. aM 24 hours, the dark colored extract solutioo . 
was sepa«ted. the volume was made^upto gOO millilltres and; taken in an; extract 
sohitiotf container ( Figure % The: dilute | ektract soUition at;^ prior tojpassing 
25 ftuougb the membrane module was subjected: to filtration in the filter vessel Itoiremove 
suspending impurities, with the help of a pi^re pump: In the membrane module, the 

reverse osmosis membrane allowed waterlto^pass, which was .collected as;: permeate, ; 

and th^ concentrated solution; was recydedito the extract container. Within a period of 

20 minutes. 560 ml of permeate was! collected and the remiiirving;240 tnl . was: the 
30 concentrated retenate; The colourless jternieate did not evince any- detectable. 
. carbohydrate when tested witii phenol siilphnkc acid method- the; high precisi^| liquid 

chromatography . (HPLC) analysis did not show the presence of aiiy Itrace of 
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pol)rsa!ccih^^ The conceatrat^. ret^te;^^^ plahic0hsdjijents,'^s^^ 
vit^i biqactive' molecules. ' ' \ 

EXAK«PLE;i3_ . =■ •J^-'^' 

Tbid aquepu&plant extract be wing code <!3t^^ tHe ; 

novel deviiceiby 60-70 %. FigurejS shows the 

(A), the permeate from the extract (B)» the recycling of perineate to pbt^ :)^ond 
peimeate (C), arid distilled wter (D).. The: fost^^^ cojntairis < 5% o^the plartt 
constituents While die amoant is; negligible, in the second pehn^ate whose hplc tiacb 
shows a fiat baseline as for distilleid water. 
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